Abstract-A Ku-band altimeter has been designed and is currently being constructed. Tower and airplane measurements will be taken from the system. The data from this instrument will be used for improvement in electromagnetic(EM) bias estimation. This paper presents a description of the hardware for the altimeter and the experiment to be performed. This instrument will be used in an experiment in support of the upcoming NASA/CNES JASON-1 mission.
INTRODUCTION
Satellite EM bias estimation studies and direct EM bias measurements made from aircraft and towers have shown that modeling the EM bias in terms of wave height and wind speed alone is insufficient. A Ku-band altimeter has been designed to collect data for improvement in EM bias estimation. The experiment which is proposed is unique in that the same instrument will be used for both the tower and the airplane experiments. By performing the experiment in the tower and airplane using the same instrument, the EM bias can be better characterized.
A design for a new Ku-Band altimeter to collect sea surface height measurements is shown in Figure 1 . The U 0.5 -1 GHz 13 GHr 1 TRANSMIT altimetry data from this instrument will be used to develop algorithms to better estimate the EM bias. Design criteria for this altimeter include low cost, low power, and a system which can be mounted on a tower and flown in a lightweight four passenger airplane.
Operation of this Ku-band altimeter is very similar to the JASON1 altimeter [4] . The 14 GHz altimeter transmits a linear frequency modulated(LFM) chirp which is generated from a linearized voltage controlled oscillator. Two cross fanbeam slotted waveguide antennas will be used to achieve a 1.2 degree beamwidth and a resulting antenna spotsize of six meters. The receiver uses a matched correlation filter, digitizes this signal, and performs the FFT. The data is then corrected for aircraft motion with an inertial navigation unit/GPS. This paper presents a description of the altimeter and a description of the experiment to be performed.
DESCRIPTION OF THE SYSTEM
The block diagram of the altimeter is outlined in Figure 1 . A signal with frequency of 13 GHz is mixed with a 0.5-1 GHz LFM chirp. A custom built filter then removes the lower sideband. The signal then goes into a 3 dB power divider which equally splits the signal to the transmitter and receiver. The transmit signal is then amplified and transmitted. The return signal passes through a low noise amplifier(LNA) and is mixed down to baseband. The receive signal is then digitized and an FFT is computed. One of the fundamental components of the entire system is the custom built LFM chirp generator(see Figure 2) . A 0-7803-5207-6/99/$10.00 0 1999 IEEE.
microcontroller generates a digital linear voltage. This digital value then goes into a ten bit digital to analog converter(DAC). An operational amplifier amplifies the DAC voltage which is used to tune a voltage controlled oscillator(VC0). A 3 dB split divides the signal for the LFM chirp output and for a feedback loop. The microcontroller uses the feedback to determine how the VCO varies from linearity and adjusts the digital output accordingly. Significant software coding was required to program the microcontroller to perform the linearization of the VCO.
The linearity of the LFM chirp is one of the key variables to determine the resolution of the system. The best resolution which can be achieved is approximately one over the bandwidth. After computing the autocorrelation of a chirp produced from the VCO, the resolution without linearization of the VCO is 1.804 meters(see Figure 3) ; the best resolution which could be achieved for an ideal chirp is one meter resolution. The carrier is generated from a 2.3-3.0 GHz VCO, then multiplied and filtered to achieve a 13 GHz signal. Once the LFM chirp is generated, the 0.5-1 GHz signal is mixed with a 13 GHz carrier. A filter removes the lower sideband from the mixed signal. The signal is divided in two; one signal is transmitted and the other is used for mixing down. A power amplifier amplifies the signal to a power of 0.25 Watts. The resulting transmitted chirp is a frequency from 13.7-14 GHz.
Two cross fanbeam slotted waveguide antenna will be used to achieve a 1.2 degree beamwidth and a spotsize of three to six meters. The antenna properties restrict the LFM chirp bandwidth to 300 MHz. After the LNA on the receiver front end, the received signal is mixed with a copy of the transmitted signal.
An in-system computer will take care of all system control, data collection, and signal processing. At baseband, the signal is digitized, the FFT is performed, the data is curve-fitted, and averaged. In aircraft experiments the data is corrected for aircraft motion with an existing motion measurement system.
EXPERIMENT TO BE PERFORMED
Experiments from this system will be performed off the coast of California in 2000-2001. The altimeter is scheduled to operate on two different platforms: a tower and an airplane. The experiment which will be performed using this Ku-band altimeter is unique in that the same instrument will be used for the tower and for the airplane experiments. The importance of taking both measurements comes from the fact that the EM bias has been measured to be different from the two platforms [l] , [3] . Recently the work of Smith and Arnold [5] has shown the tower measurements are similar to satellite measurements [2] . This experiment will allow more accurate tower measurements which can improve satellite EM bias estimation.
